1. Introduction {#s0005}
===============

Persons with spinal cord injury (SCI) experience a higher prevalence of chronic health conditions (e.g. heart disease, stroke, diabetes) than the general population ([@bib4], [@bib19], [@bib39], [@bib45]) and are at high risk of severe secondary conditions such as pneumonia, pressure ulcers or urinary tract infections ([@bib7], [@bib9]). They were found to consult medical specialists more often than the general population ([@bib12]), which was thought to lead to better management of the disease ([@bib31]). Maintaining the long-term health status of persons with SCI requires ongoing access to both general and specialist services. Because of the nature of their condition, persons with SCI are likely to experience problems with access to needed services ([@bib5], [@bib16]).

The World Health Organization (WHO) has recognized the need to improve healthcare access for individuals with disabilities. The respective WHO Action Plan presumes a profound understanding of the barriers that individuals with disabilities face in regards to accessing healthcare services ([@bib44]). Hospital discharge data, which is readily available in many countries ([@bib24]), can be used to study three dimensions of access to healthcare services defined by Penchansky and Thomas ([@bib25]). Those are (1) availability, (2) accessibility, and (3) affordability of services. Availability is the relationship of the volume and type of existing services to the clients׳ needs. Accessibility is the relationship between the location of supply and the location of clients and, affordability is the relationship of prices to the clients׳ income, and existing health insurance.

The European Spinal Cord Injury Federation promotes the centralization of care as the SCI population is a small group of people with a diagnosis that demands the highly-specialized knowledge of a wide range of medical, clinical and counseling personnel over a long period of time ([@bib13]). Studies showed that persons with SCI bypass closer general hospitals to visit specialist SCI centers which are further away ([@bib17]). The concept that people reside in an area that is different from the area where they receive healthcare services is described as "patient migration" ([@bib21]). Previous studies on access to healthcare services have shown that the patients׳ selection of distant hospitals was related to higher severity of illness ([@bib1], [@bib2], [@bib40]), higher complexity of treatment ([@bib41]), younger age ([@bib1], [@bib36]) and being male ([@bib6], [@bib15]). These findings suggest that persons with SCI are more likely to travel than the general population in order to reach suitable healthcare services. However, mobility impairment or other factors related to the comprehensive impact SCI has on person׳s life, may present obstacles to reaching these specialist healthcare services.

Switzerland has a universal healthcare system with health insurance compulsory for everyone and supplementary accidental insurance mandatory for the working population, provided by private companies ([@bib11]). Basic insurance benefits are determined by law and are consistent among all insurance providers. Delivery and funding of healthcare falls into the jurisdiction of the 26 cantons of Switzerland. The current study examines inpatient hospitalizations for the years 2010 and 2011. These are the two years before the introduction of a new hospital financing system with diagnosis-related group (DRG) system in Switzerland in 2012. At that time basic health insurance generally covered inpatient hospitalizations within the canton of residence ([@bib10], [@bib43]). Treatments outside the residential canton were covered only if the treatment could not be adequately provided within the canton, in medical emergencies, or when a supplementary, optional insurance coverage was purchased. Accidental insurance covers health-related costs regardless of canton of hospitalization. Each canton of Switzerland is equipped with a general hospital that can deliver routine treatments; but only five of the 26 cantons, those with large urban centers, have hospitals that offer a fuller range of services. For initial care following SCI, there are four specialist centers that are designated for rehabilitation. These centers also provide yearly check-ups and treatment of secondary conditions that commonly occur in individuals with SCI.

The objective of this study was to compare the patient migration patterns for secondary health conditions in persons with SCI with the general population and persons with other chronic health conditions in order to identify facilitators and barriers of access to distant healthcare services. This study focused on hospitalizations for treatments aimed at maintaining the health status in individuals with SCI. Hospitalizations for initial acute care management and acute rehabilitation were excluded. The specific aims were to (1) investigate the likelihood of persons with SCI to be hospitalized outside their residential canton as compared to persons with morbid obesity, rheumatic conditions, bowel disease and the general population; (2) determine socioeconomic, geographical, and medical characteristics associated with obtaining inpatient hospital care outside the residential canton; and (3) compare the effect of these characteristics between persons with SCI and the general population.

2. Materials and methods {#s0010}
========================

2.1. Data sources {#s0015}
-----------------

This is a registry study with hospitalization records from the Federal Hospital Discharge Statistics (HOST) database maintained by the Swiss Federal Statistical Office (FSO). The database contains a detailed record of inpatient hospital admissions covering 98% of all expected inpatient cases in Switzerland from 99% of all hospitals ([@bib35]). Socioeconomic and medical information of 2,708,942 hospitalizations were examined for the years 2010 and 2011. This study was waived by the ethics committee northwest/central Switzerland because of its retrospective nature. A data protection contract was signed with the FSO. The hospitalization records were irreversibly pseudonymized by the data providers, with IDs unique to identify the patients ([@bib33]). Since the pseudonymization procedure is prone to misclassifications, a plausibility check of the hospital records was performed to identify patient IDs with implausibly altering sexes and ages. Hospitalizations that were found inconsistent in patient characteristics were assigned a new patient ID, which resulted in 11,428 new unique IDs. Furthermore records with patient IDs that appeared more than 50 times over the two year study period were deemed implausible and removed (1,772 cases) as well as hospitalizations of patients who were declared 16 years or older but coded as being admitted to hospital at birth (35 cases).

2.2. Study populations {#s0020}
----------------------

Patient migration patterns of persons with SCI were compared to the general population hospitalized and to other health conditions that are similar to SCI regarding the comprehensive effect they have on a person׳s life. Comparator health conditions were required to be risk factors for secondary health conditions, have chronic manifestations and an age distribution similar to that of SCI. For that reason morbid (severe) obesity, rheumatic conditions, and bowel disease (celiac disease, Crohn׳s disease, and ulcerative colitis) were identified in the HOST database via disease codes using ICD-10-GM (German Modification) ([Fig. 1](#f0005){ref-type="fig"}). The digestive tract which is affected in bowel disease is often also impaired in persons with SCI. Like in SCI, rheumatic conditions and morbid obesity may lead to mobility impairments. All these characteristics might affect the likelihood of hospitalizations outside the residential canton. However, there were no a priori expectation about the need for specialized services in the comparison populations. For morbid obesity, only cases due to excess calories were included. The ICD-10-GM codes for rheumatic conditions ([@bib37]) and bowel disease ([@bib38]) were chosen in alignment with previous studies investigating these diseases. SCI hospitalizations were selected in alignment with the inclusion criteria defined by the Swiss Spinal Cord Injury (SwiSCI) Cohort Study, the largest community-survey on persons with SCI in Europe ([@bib26]). Acute traumatic hospitalizations of SCI and hospitalizations for first rehabilitation were excluded by removing hospitalizations with SCI coded either as principal diagnosis or as hospitalizations for acute traumatic spinal cord injury (acute injury of nerves and spinal cord; S14.x, S24.x, S34.x). To further shift the focus on treatments aimed at health maintaining, re-hospitalizations of persons with SCI were excluded if they happened within 18 days after an acute hospitalization. The 18 days were chosen in alignment with Swiss DRG guidelines for case consolidations ([@bib32]). In alignment with the SwiSCI study, hospitalizations of all study populations were excluded for patients younger than 16 years of age and patients not residing in Switzerland. Hospitalizations of persons with SCI were excluded when they suffered from spina bifida, multiple sclerosis, amyotrophic lateral sclerosis or Guillain-Barré syndrome ([@bib26]). Admissions by ambulance were excluded, in order to strengthen the focus on persons who autonomously choose their care provider. Patients covering multiple of the studied health conditions (SCI, morbid obesity, rheumatic condition and bowel disease) were excluded from the study populations in order to zero out disease interaction effects.Fig. 1Definition of study populations. *Abbreviations:* MS: Multiple sclerosis; ALS: Amyotrophic lateral sclerosis; GBS: Guillain-Barré syndrome. Hospitalizations were selected for the analysis via disease codes using ICD-10-GM (German Modification) (first branch from top). The negative numbers between boxes show the excluded hospitalizations when applying the exclusion criteria indicated on the far left. To zero out disease interaction effects, patients covering multiple of the studied health conditions were excluded in a last step. The number of remaining cases used for the analysis are shown at the bottom in the boxes with bold frames, for the respective disease condition.Fig. 1

2.3. Geographical characteristics {#s0025}
---------------------------------

The patients׳ place of residence was recorded at the cantonal level (26 cantons), plus at a subdivision of 705 zones, containing between 3,500 and 10,000 inhabitants, called MedStat regions ([@bib34]). For the mapping, a broader regionalization into 106 zones called MS region (MS = mobilité spatiale), as defined by the FSO in 1982 ([@bib29]), was derived. The information about regional language and degree of urbanization was provided by the FSO on a municipality level, with the possibility to assign municipalities to MedStat regions and vice versa. If MedStat regions contained municipalities with different local languages, then the language spoken by the majority of the population was adopted. Romansh speaking regions were considered as German speaking. The degree of urbanization was adapted by the definition used in the Federal Population Census 2000 ([@bib29]). It has four levels: core city of an agglomeration, isolated city, agglomeration of a city, and rural area. For this study no distinction between core city of an agglomeration and isolated city was made. The degree of urbanization of a MedStat region was defined according to the municipality with the highest degree of urbanization. Car travel times from the place of residence (MedStat region) to the largest hospital in the canton of treatment were estimated for out-of-canton hospitalizations using the Google Maps Directions API ([@bib14]). The largest hospital in the canton of treatment was chosen, because the true place of hospitalization within the canton was not available from the HOST database for reasons of data protection.

2.4. SCI lesion characteristics and Charlson comorbidity index {#s0030}
--------------------------------------------------------------

SCI-specific information of severity of injury (complete: G82.x0, G82.x2 or G83.40; incomplete: G82.x1, G82.x3 or G83.41) and lesion level (paraplegia: G82.0x-G82.2x; tetraplegia: G82.3x-G82.5x; detailed: G82.6x) were retrieved from the ICD-10-GM codes. A morbidity score was calculated from the ICD-10-GM codes according to Quan׳s updated version of the Charlson comorbidity index ([@bib27]) using all diagnoses including the principle diagnosis. All remaining individual level variables were available directly from the HOST database.

2.5. Regression analysis {#s0035}
------------------------

Every SCI hospitalization was case matched with four hospitalizations from the general population and one hospitalization from the health conditions morbid obesity, rheumatic condition and bowel disease. Matching for sex, age, class of insurance and language region was performed using a genetic matching algorithm with replacement using the R package Matching ([@bib30]). The effect of the health conditions on visiting hospitals outside the residential canton was examined using a logistic mixed effects model ([@bib3]) with the subject pair determined in the matching process as random effect. Separate logistic mixed effects models for the SCI and the general population were applied to investigate the effect of sex, age, insurance class and type, language region, degree of urbanization, type of admission, and degree of morbidity on hospitalizations outside of the residential canton. The model for SCI further included lesion level and severity as independent variables. In both models patient ID was deployed as random effects to correct for multiple hospitalizations per person over the two years course.

2.6. Analysis of unadjusted data {#s0040}
--------------------------------

The proportion of persons who were hospitalized outside of the residential canton at least once during the course of two years was plotted for every year of age in persons with SCI and the general population. A change point in the relative frequencies of hospitalizations outside the residential canton by age was determined using optimization (Nelder-Mead method) of a regression model with change in slope. The confidence interval for the change point was constructed using nonparametric bootstrap. The effect of the lesion level on the propensity of visiting hospitals outside the residential canton was plotted separately for complete and incomplete injuries. A map depicting relative frequencies of hospitalizations outside the residential canton of persons with SCI was created using the R package ggplot2 ([@bib42]). The relative frequencies were calculated for 106 MS-regions. Regions with no hospitalizations were merged with the bordering region of the same canton with the highest number of hospitalizations. Relative frequencies of principal diagnoses categorized as ICD-10-GM chapters and relative frequencies of hospitalizations outside of the residential canton for every ICD-10-GM chapter were calculated for persons with SCI and a matched sample of the general population. ICD-10-GM chapters with low numbers of hospitalizations or with unspecific information were excluded from the analysis. To test for significant differences in the relative frequencies between persons with SCI and the general population Fisher׳s exact tests were performed. Data preparation and all analyzes have been performed using R version 3.1.2 (2014-10-31) ([@bib28]).

3. Results {#s0045}
==========

During the years 2010 and 2011, 2,708,942 discharges for inpatient hospitalization were recorded in Switzerland. After screening for ICD-10-GM codes and applying exclusion criteria, the study populations consisted of 3,695 persons with SCI (5,059 hospitalizations), 1,334,599 persons from the general population (2,043,755 hospitalizations), 6,111 persons with morbid obesity (6,925 hospitalizations), 7,562 persons with rheumatic conditions (10,418 hospitalizations), and 4,129 persons with bowel disease (5,456 hospitalizations) ([Fig. 1](#f0005){ref-type="fig"}). An analysis of the hospitalizations excluded from the study indicated that persons with bowel disease were admitted for their main health condition every third time (34.4%) and thereby more than persons of the other studied health conditions including SCI (15.4%). The proportion of hospitalizations from persons not living in Switzerland was higher in the SCI population (4.2%) compared to the general population (3.0%) and the other health conditions. Persons with SCI were more often referred to hospital by ambulance (17.9%) than the general population (10.7%), persons with morbid obesity (7.8%), rheumatic conditions (14.4%), and bowel disease (11.6%).

3.1. Summary of baseline characteristics {#s0050}
----------------------------------------

Male patients were responsible for 61.4% of hospitalizations in the SCI population ([Table 1](#t0005){ref-type="table"}). The fractions of male hospitalizations were smaller in the general population (44.7%), in persons with morbid obesity (37.2%), rheumatic conditions (28.2%) and bowel disease (43.1%). Hospitalization costs were more often covered by a semi-private or private insurance in persons with SCI (22.0%) as compared to persons with morbid obesity (20.9%), but less often compared to the general population (25.7%), persons with rheumatic conditions (28.4%) and persons with bowel disease (27.0%). Costs were covered by the accidental insurance more frequently in the SCI population (10.2%), as compared to the general population (5.8%) and the other health conditions. The proportion of hospitalizations by French speaking persons was lower in the SCI population (19.2%) compared to the general population (23.0%) whereas the fraction of hospitalizations by Italian speaking persons was higher in the SCI population (6.1%) compared to general population (5.3%). Hospital stays were longer in persons with SCI (median 12 days, inter quartile range \[IQR\] 20 days) compared to the general population (median 5 days, IQR 8 days) and patients of the other three health conditions. Emergency admissions were more common in persons with SCI (41.3%) compared to the general population (37.0%) and persons with morbid obesity (29.0%), and less frequent compared to persons with rheumatic conditions (42.9%) and bowel disease (51.6%). The morbidity score (updated Charlson comorbidity index) was highest in the SCI population (mean 2.9) and much higher than in the general population (mean 0.5). Among all hospitalizations by persons with SCI, paraplegics were responsible for 55.6%, tetraplegics for 36.3% and persons with the cauda equina syndrome for 8.0% of hospitalizations. Information about lesion level details and severity of the injury was missing in 65.8% and 41.0% of cases, respectively ([Table 2](#t0010){ref-type="table"}).Table 1Socioeconomic, geographic and medical characteristics of the sample populations, years 2010 and 2011.Table 1**SCI**General populationMorbid obesityRheumatic conditionsBowel disease**Original**OriginalSCI matched 4:1OriginalSCI matched 1:1OriginalSCI matched 1:1OriginalSCI matched 1:1***N***[a](#tbl1fna){ref-type="table-fn"}**=5,059***N*=2,043,755*N*=20,236*N*=6,925*N*=5,059*N*=10,418*N*=5,059*N*=5,456*N*=5,059Number of patients**3,695**1,334,59916,8906,1112,6047,5622,7384,1292,371***Socioeconomic characteristics***Sex, male (%)**61.4**44.761.437.261.428.261.443.161.4Age in years -- mean (SD)**59.7 (17.3)**57.1 (20.3)59.7 (17.3)57.9 (15.9)59.8 (17.0)69.4 (13.7)59.7 (17.3)55.7 (18.9)59.7 (17.2)Insurance class (%)Basic**78.0**74.278.079.078.071.678.073.178.0Semi-private**13.1**16.013.113.713.119.413.118.313.1Private**8.9**9.78.97.28.99.08.98.78.9Insurance type (%)Health insurance**86.8**92.291.895.994.197.894.996.997.2Accidence insurance**10.2**5.86.73.04.71.43.92.02.2Disability insurance**0.5**0.20.10.10.30.00.00.00.0Other or unknown**2.5**1.81.41.00.90.81.21.10.6***Geographic characteristics***Language region (%)German**74.7**71.774.794.574.775.174.779.274.7French**19.2**23.019.24.119.322.319.219.119.2Italian**6.1**5.36.11.46.02.66.11.86.1Degree of urbanization (%)City**32.9**31.630.628.428.431.631.830.230.8City agglomeration**44.8**47.948.247.044.245.345.250.450.5Rural area**22.3**20.521.324.627.423.123.019.418.7***Medical characteristics***Length of stay[b](#tbl1fnb){ref-type="table-fn"} in days,Mean (SD)**24.0 (44.5)**12.5 (145.7)12.5 (128.8)10.1 (11.2)10.4 (11.7)13.6 (15)12.6 (14.8)10.8 (13.5)11.1 (12.3)Median (IQR)**12 (20)**5 (8)6 (8)7 (8)7 (10)9 (12)8 (11)7 (9)7 (10)Admission type (%)Scheduled**56.1**61.262.370.671.855.154.447.347.6Emergency**41.3**37.035.929.027.542.944.451.651.7Other**2.6**1.81.80.40.72.01.21.10.7Morbidity score[c](#tbl1fnc){ref-type="table-fn"} -- mean (SD)**2.9 (1.8)**0.5 (1.3)0.6 (1.4)0.7 (1.3)0.7 (1.3)1.6 (1.3)1.4 (1.4)0.6 (1.4)0.7 (1.5)Out-of-canton treatment (%)**26.5**14.214.918.418.714.115.215.914.3Travel time (in min)[d](#tbl1fnd){ref-type="table-fn"} -- mean (SD)**69.6 (40.3)**52.9 (40.0)51.6 (38.9)43.2 (31.0)55.6 (44.3)53.2 (40.8)63.2 (47.8)48.9 (42.4)52.1 (45.9)[^1][^2][^3][^4][^5]Table 2Injury characteristics of hospitalizations by patients with spinal cord injury.Table 2Lesion level (%)Tetraplegia36.3Paraplegia55.6Cauda equina syndrome8.0Lesion level detail[a](#tbl2fna){ref-type="table-fn"} (%)C1--C31.6C4--C55.5C6--C83.4T1--T68.0T7--T106.4T11--L16.3L2--S53.0Unknown65.8Severity (%)Complete lesion20.7Incomplete lesion38.3Unknown41.0[^6]

3.2. Effect of health condition on hospitalization outside of the residential canton and travel time {#s0055}
----------------------------------------------------------------------------------------------------

Persons with SCI were more likely hospitalized outside of their residential canton (odds ratio (OR) 2.07, 95%-confidence interval (CI) 1.87--2.29) than persons from a matched sample of the general population ([Table 3](#t0015){ref-type="table"}). They were also more likely hospitalized outside of their residential canton than persons with morbid obesity (OR 1.25, 95%-CI 1.15--1.35), bowel disease (OR 1.11, 95%-CI 1.01--1.22) and rheumatic conditions (OR 1.07, 95%-CI 0.96--1.18), albeit in a lesser extent. Average car travel times for out-of-canton hospitalizations were longer for persons with SCI (70 min, 95%-CI 67--72 min) compared to the general population (52 min, 95%-CI 50--53 min), persons with morbid obesity (56 min, 95%-CI 53--58 min), rheumatic conditions (63 min, 95%-CI 60--66 min), and bowel disease (52 min, 95%-CI 48--55 min).Table 3Multivariable logistic regression for obtaining treatment outside of the residential canton for matched populations.Table 3Likelihood of out-of-canton admissionOdds ratio (95%-CI)N=39,915General populationReferenceSpinal cord injury2.07 (1.87--2.29)Morbid obesity1.25 (1.15--1.35)Rheumatic conditions1.07 (0.96--1.18)Bowel disease1.11 (1.01--1.22)[^7][^8]

3.3. Effect of age on hospitalization outside of the residential canton {#s0060}
-----------------------------------------------------------------------

With increasing age, the probability of being hospitalized outside of the residential canton decreased. Persons with SCI older than 75 years were much less likely (OR 0.18, 95%-CI 0.08--0.40) hospitalized outside of their residential canton compared to the youngest age group (16--30 years) ([Table 4](#t0020){ref-type="table"}). The difference between the youngest and the oldest age group was less distinct in the general population (OR 0.64, 95%-CI 0.60--0.68). Crude relative frequencies of persons with at least one hospitalization outside of the residential canton showed a decline with increasing age in persons with SCI ([Fig. S1](#s0105){ref-type="fn"}A) and the general population ([Fig. S1](#s0105){ref-type="fn"}B) after a certain age. The change point in age, when hospitalizations outside of the residential canton start declining, was calculated in the SCI population at 59.0 years of age (95%-CI = 45.0--70.9) and at 60.8 years of age (95%-CI = 30.1--66.6) in the general population.Table 4Multivariable mixed effects logistic regression for factors associated with obtaining treatment outside of the residential canton.Table 4Spinal cord injuryGeneral populationOdds ratio (95%-CI)Odds ratio (95%-CI)*N*=4,927*N*=2,002,333***Socioeconomic characteristics***Sex, male1.13 (0.80--1.59)1.06 (1.03--1.11)Age (years)16--30ReferenceReference31--451.01 (0.50--2.05)0.90 (0.85--0.96)46--600.87 (0.45--1.69)0.91 (0.86--0.96)61--750.44 (0.22--0.86)0.81 (0.76--0.86)76+0.18 (0.08--0.40)0.64 (0.60--0.68)Insurance classBasicReferenceReferenceSemi-private2.32 (1.40--3.83)1.77 (1.70--1.85)Private2.50 (1.40--4.46)2.26 (2.16--2.38)Insurance typeHealth insuranceReferenceReferenceAccidental insurance16.40 (8.27--32.51)1.99 (1.88--2.10)Others[a](#tbl4fna){ref-type="table-fn"}25.45 (8.99--72.07)4.80 (4.46--5.17)***Geographic characteristics***Language regionGermanReferenceReferenceFrench1.05 (0.68--1.62)0.48 (0.46--0.51)Italian0.25 (0.11--0.55)0.37 (0.33--0.41)Degree of urbanizationCityReferenceReferenceCity agglomeration2.62 (1.74--3.95)1.40 (1.34--1.46)Rural area3.43 (2.13--5.52)1.99 (1.90--2.10)***Medical characteristics***Type of admission[b](#tbl4fnb){ref-type="table-fn"}ScheduledReferenceReferenceEmergency0.25 (0.18--0.35)0.15 (0.15--0.16)Morbidity score[c](#tbl4fnc){ref-type="table-fn"}0Not applicable[d](#tbl4fnd){ref-type="table-fn"}Reference1Not applicable0.78 (0.73--0.82)2Reference0.74 (0.71--0.78)31.01 (0.57--1.80)0.67 (0.62--0.73)40.76 (0.46--1.25)0.65 (0.58--0.73)50.91 (0.34--2.43)0.63 (0.51--0.79)6+0.58 (0.34--0.98)0.68 (0.63--0.73)Lesion levelTetraplegiaReferenceParaplegia0.80 (0.57--1.13)Cauda equina syndrome0.52 (0.27--1.00)SeverityComplete lesionReferenceIncomplete lesion0.31 (0.20--0.48)Unknown0.16 (0.10--0.26)[^9][^10][^11][^12]

3.4. Effect of insurance coverage on hospitalization outside of the residential canton {#s0065}
--------------------------------------------------------------------------------------

Persons with semi-private or private health insurance were more likely hospitalized outside of their residential canton than persons with basic health insurance in the SCI and general population (OR 2.32 and 2.50 for semi-private and private health insurance as compared to basic health insurance, for the SCI population, and OR 1.77 and 2.26 for the general population, respectively). Individuals with SCI and the general population were more likely hospitalized outside of their residential canton when costs were covered by accidental insurance (OR 16.40, 95%-CI 8.27--32.51 and OR 1.99, 95%-CI 1.88--2.10 in persons with SCI and the general population, respectively) or other insurance types (OR 25.45, 95%-CI 8.99--72.07 and OR 4.80, 95%-CI 4.46--5.17 in persons with SCI and the general population, respectively) than when costs were covered by the basic health insurance. In persons with SCI, driving times to hospitals for out-of-canton hospitalizations that were covered by accidental insurances were longer (mean 83 min, 95%-CI 79--87 min) than for out-of-canton hospitalizations covered by health insurances (mean 64 min, 95%-CI 61--66 min). No such differences in travel times were observed in the general population or the comparator conditions.

3.5. Effect of geographic characteristics on hospitalization outside of the residential canton {#s0070}
----------------------------------------------------------------------------------------------

Unlike in the general population where persons from French speaking regions were less likely hospitalized outside of their residential canton than persons from German speaking regions (OR 0.48, 95%-CI 0.46--0.51), the migration pattern of persons with SCI was not significantly different among these two language regions (OR 1.05, 95%-CI 0.68--1.62) ([Table 4](#t0020){ref-type="table"}). Persons from Italian speaking regions were least likely hospitalized outside of their residential canton in persons with SCI (OR 0.25, 95%-CI 0.11--0.55) and in the general population (OR 0.37, 95%-CI 0.33--0.41) compared to persons from German speaking regions. The probability of hospitalizations outside of the residential canton was higher in persons with SCI living in an agglomeration of a city (OR 2.62, 95%-CI 1.74--3.95) or in rural areas (OR 3.43, 95%-CI 2.13--5.52) than when living in urban areas. A spatial depiction of out-of-canton hospitalizations by region of residence showed great spatial heterogeneity ([Fig. 2](#f0010){ref-type="fig"}). High rates of remote hospitalizations were found in bilingual cantons and rural regions, especially when bordering urban cantons. Urban regions and regions with specialist centers in the proximity showed low outmigration.Fig. 2Relative frequencies of hospitalizations outside of the residential canton by Swiss region.Fig. 2

3.6. Effect of morbidity score and admission type on hospitalization outside of the residential canton {#s0075}
------------------------------------------------------------------------------------------------------

Compared to planned admissions, hospitalizations outside of the residential canton were less likely in emergency cases for persons with SCI (OR 0.25, 95%-CI 0.18--0.35) and in the general population (OR 0.15, 95%-CI 0.15--0.16). Higher morbidity scores were associated with lower probabilities of out-of-canton hospitalizations in persons with SCI and the general population. Morbidity scores higher than five showed a statistically significant negative effect on the probability to be hospitalized outside of the residential canton in the SCI population

3.7. Effect of lesion characteristics on hospitalization outside of the residential canton {#s0080}
------------------------------------------------------------------------------------------

Complete injury (OR 3.21, 95%-CI 2.09--4.91) leads to more out-of-canton hospitalizations compared to incomplete paralysis. A trend towards decreasing frequencies for out-of-canton hospitalizations with lower lesion levels was observed, looking at unadjusted relative frequencies of hospitalizations outside of the residential canton stratified for complete ([Fig. 3](#f0015){ref-type="fig"}A) and incomplete ([Fig. 3](#f0015){ref-type="fig"}B) injuries. This was similar for persons with incomplete and complete injuries, with higher relative frequencies for the latter.Fig. 3(A). Hospitalizations outside the residential canton by lesion levels in persons with spinal cord injury with complete injuries. (B) Hospitalizations outside the residential canton by lesion levels in persons with spinal cord injury with incomplete injuries. Error bars indicate interval estimate of population proportion at 95% confidence level. *Abbreviations*: C: Cervical; T: Thoracic; L: Lumbar; S: Sacral.Fig. 3

3.8. Effect of disease categories on hospitalization outside of the residential canton {#s0085}
--------------------------------------------------------------------------------------

Infectious diseases (5.2% vs 2.3%), neoplasms (15.9% vs. 11.2%), diseases of the nervous system (12.4% vs 2.9%), diseases of the skin (6.1% vs. 1.3%), urinary tract (8.0% vs. 6.6%) and congenital malformations (0.7% vs. 0.3%) were markedly more frequent in persons with SCI than in a matched sample of the general population ([Table 5](#t0025){ref-type="table"}). In the general population hospitalizations for mental disorders (8.2% vs. 1.5%), diseases of eyes and ears (1.8% vs. 0.3%), diseases of the cardiac system (14.3% vs. 8.8%), diseases of the digestive system (10.4% vs 6.1%), pregnancy (3.3% vs. 0.4%), and injuries (12.3% vs 10.3%) were markedly more frequent. Being hospitalized of outside the residential canton was more likely in persons with SCI for all ICD-10-GM categories except for ear diseases and pregnancy. For diseases of the endocrine system (25.5% vs. 8.3%), digestive system (23.1% vs. 9.3%), skin (45.6% vs. 10.6%), and urinary tract system (31.4% vs. 11.2%) persons with SCI were more than two times more often hospitalized outside of the residential canton than the general population.Table 5Relative frequencies of principal diagnoses and hospitalizations outside of the residential canton in persons with spinal cord injury and a matched sample of the general population.Table 5ICD-10 chapterType of diagnosisRelative frequency (%)Out-of-canton hospitalizations (%)Spinal cord injury[a](#tbl5fna){ref-type="table-fn"}General population[b](#tbl5fnb){ref-type="table-fn"}Spinal cord injuryGeneral populationIInfections5.2[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}2.314.4[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}7.8IINeoplasms15.9[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}11.219.0[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}14.1IIIBlood0.5[⁎](#tbl5fnStar){ref-type="table-fn"}0.820.88.0IVEndocrine system1.11.525.5[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}8.3VMental disorders1.5[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}8.220.8[\*](#tbl5fnStar){ref-type="table-fn"}11.5VINervous system12.4[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}2.930.6[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}19.3VIIEye0.2[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}1.325.522.7VIIIEar0.1[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}0.514.319.3IXCardiac system8.8[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}14.325.9[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}18.7XRespiratory system4.85.018.4[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}10.7XIDigestive system6.1[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}10.423.1[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}9.3XIISkin6.1[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}1.345.6[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}10.6XIIIMusculoskeletal system18.017.827.6[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}19.5XIVUrinary tract8.0[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}6.631.4[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}11.2XVPregnancy0.4[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}3.310.0[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}11.9XVIICongenital malformations0.7[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}0.343.823.1XIXInjury10.3[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}12.330.7[⁎⁎](#tbl5fnStarStar){ref-type="table-fn"}16.8[^13][^14][^15][^16]

4. Discussion {#s0090}
=============

Persons with SCI were more likely hospitalized outside of their residential canton for secondary health conditions and were also traveling longer to the out-of-canton place of hospitalization compared to the general population and persons with morbid obesity, rheumatic conditions, and bowel disease. With increasing age, patients were more likely to be hospitalized within their residential canton. Hospitalizations outside the residential canton were more likely if private health insurances, accidental insurances or other specialized insurances covered the costs. This study suggests that inpatient migration patterns are strongly determined by place of residence, socioeconomic characteristics, and health conditions. Persons with complete or higher-level injuries visited hospitals outside their residential canton at higher rates compared to persons with incomplete or low level injuries. The fact that persons with SCI left their canton of residence for treatment of most disease categories more often than the general population and persons of other health conditions indicates that they have an increased need for specialist healthcare across many health conditions. It underlines the comprehensive impact SCI has on a person׳s health. Diseases for which persons with SCI were most often hospitalized outside of the residential canton (diseases of the digestive system, skin and urinary tract) coincide with the most often mentioned secondary health conditions in persons with SCI in other studies ([@bib8]; [@bib12]).

In consistence with previous studies, elderly persons were more likely hospitalized within their home region ([@bib1], [@bib36]). Older adults increasingly experience non-traumatic causes of SCI ([@bib18]). Therefore, they might be under principal medical treatment for other diseases at acute phases and fail to complete the whole SCI rehabilitation procedure at specialist centers and subsequently lack specialist follow up care. A further explanation of the finding might be that the priority of elderly patients changes to general medicine aspects and specialist geriatric wards were considered a better choice for their treatment. The higher proportion of hospitalizations within the residential canton in elderly persons might possibly be the effect of an overall increase in hospitalizations in the elderly with disproportionately more in-canton hospitalizations. However, this was ruled out, by investigating the crude number of patients with at least one hospitalization outside of the residential canton during the study time. Out-of-canton hospitalizations were not only declining by age relative to hospitalizations within the residential canton but also in absolute numbers (see [Supplemental Figs. S1A & S1B](#s0105){ref-type="fn"}). Therefore elderly persons with SCI might be at risk of undersupply of specialist healthcare, especially when suffering from high lesion level and complete injury.

In contrast to earlier findings ([@bib1], [@bib2], [@bib40]) higher severity-of-illness was associated with less patient migration. This result may be explained by the different measures of severity-of-illness in other studies. The updated Charlson comorbidity index ([@bib27]) applied in this study incorporates common diseases which can be treated adequately in most cantons. A high Charlson morbidity score may also immobilize people, which is a possible explanation for the low frequencies of out-of-canton hospitalizations observed with high scores. SCI and rheumatic conditions were comorbidity variables used to calculate the updated Charlson comorbidity index with weights of two and one, respectively. Compared to the original and matched general population, the comorbidity score of the SCI population remained markedly higher even when the SCI condition was excluded from the index.

Persons with basic health insurance were found to be less likely hospitalized outside their residential canton, which is in accordance to restrictions in insurance coverage. Highest probabilities for out-of-canton hospitalizations were observed for patients with out-of-pocket payments or when disability, military, accidental or private health insurances covered the costs. None of these insurances limit their payments to hospitalizations within the residential canton. The accidental insurance covers costs in cases of accidents or for sequels of an accident such as a SCI. Physicians and insurers mutually decide whether a disease is associated with the initial SCI. Decisions in favor of accidental insurances are more likely when physicians at specialist centers were involved. Additionally, treatments carried out at specialist centers may better qualify to be covered by accidental insurances. Hospitalizations of persons with SCI are more likely covered by accidental insurance, what may partly explain the high out-of-canton hospitalization rates in this condition. The fact that specialized centers are more likely not in the canton of residence may further affect the finding and suggests that persons with SCI are more affected by limitations in payment for out-of-canton hospitalizations than the general population.

A very low propensity of out-of-canton treatment was found for patients from Italian speaking regions. The Italian speaking regions are separated from the rest of Switzerland by mountains. In this part of Switzerland no specialist SCI centers or teaching hospitals are present. Minority regional language might represent barriers of access to specialist healthcare services through the pathway of long distance traveling. Persons with SCI seem to prefer hospitalizations within their language region. This was illustrated by two findings. Firstly, there was a high outmigration of the Italian speaking region Val Mesolcina located in the predominantly German speaking canton of Grisons in eastern Switzerland. Eighty percent of persons with SCI from Val Mesolcina were hospitalized in the neighboring, Italian speaking canton of Ticino. Secondly, a high percentage of persons with SCI living in the German part of the bilingual canton of Valais were hospitalized outside of Valais despite the existence of an SCI center in the French part of the same canton. From cantons with large urban centers and teaching hospitals almost no outmigration was detected even in the absence of a specialist center. It is suggested that from these cantons only persons with very complex secondary health conditions leave their residential canton. This effect was seen, for example, for treatment of pressure ulcers where 45.8% of all cases were hospitalized in the canton of Lucerne, where the largest national specialist SCI center is based. In every other canton the majority of hospitalizations for pressure ulcers were obtained outside the residential canton. As a consequence the hospital length of stay in persons with SCI was highest in the canton of Lucerne, with its specialist center. Otherwise, the length of stay was found similar between all cantons and persons with SCI, the general population and the comparator conditions, with outliers of the cantons with a focus on rehabilitation clinics.

Despite the mobility impairments, persons with SCI travel often in order to obtain inpatient hospital care. The most severe forms of mobility impairments were associated with the highest likelihood of patient migration. It is a positive sign that mobility impairments, on a first glance, do not hinder access to healthcare services. This is important as persons with complete or high level lesions often suffer from severe secondary health conditions that often demand specialist knowledge. However, this study did not yet answer the question whether for example elderly or severely multimorbid persons with SCI face barriers to access of necessary healthcare services or whether they do not travel by purpose. Studies that investigate perceived access to healthcare would be best suitable to further examine this open question.

5. Limitations {#s0095}
==============

This study relied on registry data, which was not collected with our research objectives in mind, and therefore their appropriateness for specific research questions needs to be judged on a case-by-case basis ([@bib22]). As of 2012 the DRG system is used for the calculation of all hospital charges except for rehabilitation, psychiatry, and palliative care. At least for the hospitalizations which fall under the coverage of the DRG system it can be expected that the data was of good quality as a consequence of the approaching system change. However, it is still possible that some diagnoses were not persistently coded, as there was no incentive to do so before the introduction of the DRG system in Switzerland. Incomplete coding may explain the large differences in frequency of admissions for diseases of the ears and eyes or for mental problems between persons with SCI and the general population. Persons with incomplete or low level injuries might not have been properly identified as persons with SCI. The high relative frequency of hospitalizations for neoplasms in persons with SCI were mainly due to secondary malignant neoplasms of bone or bone marrow (192 hospitalizations) and unspecified parts of the nervous system (29 hospitalizations). It is likely that some of these diseases lead to non-traumatic SCI ([@bib20], [@bib23]) and were therefore hospitalizations for newly acquired SCI and not for the envisaged health maintaining. Similar reasoning applies to diseases of the nervous system in persons with SCI. Disease codes for vascular myelopathies, inflammatory polyneuropathies or syringomyelia were prevalent in persons with SCI and are causes of SCI rather than consequences. A further study limitation was that the calculation of accurate travel times for hospitalizations was not possible, as the hospital location within a canton was not available from the HOST database. Intra-cantonal travel times could not be computed and out-of-canton hospitalizations were approximated with the largest hospital of a canton defined as the place of hospitalization. Typically, these hospitals are the main service providers and located in urban centers in close proximity of other hospitals.

6. Conclusion {#s0100}
=============

Persons with SCI were hospitalized outside of their residential canton more likely than persons with other chronic health conditions or the general population and they drove longer to the out-of-canton place of hospitalization. Hospitalizations outside of the residential canton were more frequent in persons with high lesion levels or complete injuries compared to persons with low lesion levels and incomplete injuries. Facilitators of hospitalizations outside of the residential canton were private or accidental health insurances covering costs. Barriers to hospitalizations outside of the residential canton were old age, severe multimorbidity, financial coverage by basic health insurances, and living in a minority language region.

Appendix A. Supplementary material {#s0110}
==================================
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[^1]: *Abbreviations:* SCI: spinal cord injury; SD: standard deviation; IQR: inter quartile range.

[^2]: *N* refers to number of hospitalizations.

[^3]: Length of stay of a patient is counted as the date of discharge minus the date of admission ([@bib24]).

[^4]: Updated Charlson comorbidity index calculated with principal diagnosis and side diagnoses. Spinal cord injury and rheumatic conditions were used to calculate the updated Charlson comorbidity index and had a weight of two and one, respectively.

[^5]: Travel time from the place of residence to the place of hospitalization in minutes by car for out-of-canton hospitalizations.

[^6]: The lesion level is the lowest motor intact spinal cord segment.

[^7]: Mixed-effects logistic model adjusted for characteristics listed in [Table 4](#t0020){ref-type="table"} as fixed effects and the matching ID as random effects.

[^8]: *Abbreviations*: CI: Confidence interval.

[^9]: Disability insurance, military insurance, self-payers and unknown insurance.

[^10]: Hospitalizations (132 discharges in persons with spinal cord injury and 36,501 discharges of the general population) listed as others in [Table 1](#t0005){ref-type="table"} were excluded in the regression model.

[^11]: Updated Charlson comorbidity index calculated with principal diagnosis and side diagnoses.

[^12]: Spinal cord injury was used to calculate the updated Charlson comorbidity index and has a weight of two.

[^13]: Statistical significance at 5% level.

[^14]: Statistical significance at 1% level.

[^15]: 4842 hospitalizations of persons with spinal cord injury.

[^16]: 19,263 hospitalizations of the general population.
